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Abstract 

Background: High level of serum cholesterol is considered to be a major risk factor for cardiovascular disease 
(CVD). A double-blinded, randomized, placebo-controlled trial was performed to test the hypothesis that a daily 
intake of Chlorella may improve serum lipid profile through enhancement of serum carotenoid concentration in 
mildly hypercholesterolemic subjects. 

Methods: Eligible subjects {n = 63) were randomized to either Chlorella (5 g/day) or placebo for a double-blinded trial 
with a 2-week lead-in period and a 4-week intervention period. Serum triglycerides, total cholesterol, lipoproteins, 
apolipoproteins and carotenoids were assessed at the beginning and the end of the trial. 

Results: Compared with the control group, the Chlorella group exhibited remarkable changes in total cholesterol 
{Chlorella -1.6%; placebo 0.03%; P = 0.036), triglycerides {Chlorella -10.3%; placebo 1 1 .9%; P = 0.002), lutein/zeaxanthin 
{Chlorella 89.6%; placebo -1 .7%; P < 0.0001), and a-carotene {Chlorella 1 63.6%; placebo 1 5%; P < 0.0001). Improvement 
of serum lipids was supported by significant reductions of very low-density lipoprotein cholesterol {Chlorella -11%; 
placebo 1 1.8%; P= 0.006), apolipoprotein B {Chlorella -1.5%; placebo 1 .7%; P = 0.044), non high-density lipoprotein 
{Chlorella -2.6%; placebo -0.5%; P = 0.032), and high-density lipoprotein/triglycerides {Chlorella 4.0%; placebo -9.5%; 
P = 0.023), suggesting an inhibitory effect of Chlorella on the intestinal absorption of dietary and endogenous lipids. 
Further, the changes of serum lipids appeared to be associated with the changes of serum carotenoids. 

Conclusion: Daily consumption of Chlorella supplements provided the potential of health benefits reducing serum 
lipid risk factors, mainly triglycerides and total cholesterol, in mildly hypercholesterolemic subjects. The effect was 
related to carotenoid consumption. 

Trial registration: WHO International Clinical Trials Registry Platform KCT0000259. 
Keywords: Chlorella, Serum lipid, Carotenoids, Human 



Background increasing evidence that dietary patterns, certain foods, 
Cardiovascular disease (CVD) is one of the leading causes and food constituents have the potential to benefit CVD 
of death throughout the world. The World Health prevention through a variety of mechanisms. Total choles- 
Organization (WHO) has predicted that the global preva- terol (TC) and triglycerides (TG) have featured as import- 
ance of CVD will reach 24 million by 2030 [1]. There is ant indicators of CVD risk for use in serum [2-5]. Recent 

data have demonstrated that abnormalities in the metabol- 
ism of lipoproteins and apolipoproteins are also respon- 

l^IT^'^'^^'o^ .""''Tf^^'^rf/,'; ^-^^-^^ , . , sible for an increased risk of CVDs, supporting the idea 

CHA Bundang Medical Center, CHA University, Seongnam, Gyeonggi-do ^ 

463-712, Republic of Korea that they are more reliable indicator of risk than conven- 

^ Department of Nutritional Science and Food Management, Ewha Womans tional serum lipid measurements [6,7]. 

University, Seoul 120-750, Republic of Korea 

Full list of author information is available at the end of the article 



O 



© 2014 Ryu et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative 
BIoIVIGCI CGntrsI commons Attribution License (http://creativecommons.Org/licenses/by/2.0), which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original work is properly credited. 



Ryu et at. Nutrition Journal 2014, 13:57 
http://www.nutritionj.conn/content/1 3/1/57 



Page 2 of 8 



Chlorella is single-celled green alga that is widely mar- 
keted as a dietary supplement or incorporated into food. 
Animal studies demonstrated that Chlorella supplemen- 
tation reduced the serum cholesterol levels under high- 
fat or high-cholesterol diets [8-10]. Small, open-label 
trials yielded promising results with a focus on the 
improvement of serum cholesterol [11-13], but this 
effect has not been examined in randomized, placebo- 
controlled trials (RCTs) with a wider array of biomarkers. 
Chlorella is also known as a potential source of a wide 
spectrum of nutrients, including chlorophyll, carotenoids, 
minerals, vitamins, and long-chain polyunsaturated fatty 
acids [14]. Especially, omega-3 fatty acid and carotenoids 
have received considerable interests due to their roles in 
the prevention of chronic diseases and maintaining good 
health. Many investigators have demonstrated the import- 
ance of omega-3 fatty acid for reduction in serum trigly- 
ceride concentration [15,16]. The health benefits of 
carotenoids have been ascribed, in part, to antioxidant 
scavenging singlet molecular oxygen and peroxyl radicals 
[17]. Lutein, the most abundant carotenoid in Chlorella^ 
together with zeaxanthin have been shown to be associ- 
ated with eye health and function [18]. Beta-carotene are 
known to be inversely related to the risk of CVDs and cer- 
tain cancers [19]. Alpha and |3-carotene have the added 
advantage of being able to convert to vitamin A, which is 
involved in developing and preventing chronic diseases 
[20]. As for the relationship between carotenoids and 
cholesterol, most studies have been investigated with re- 
spect to the effects of the single carotenoid compound on 
membrane mechanics [21], intestinal absorption [22] and 
incorporation into liposomes [23]. To the best of our 
knowledge, there is no study where the carotenoid in 
Chlorella has been related to the cholesterol metabolism 
in humans. 

We, therefore, designed a double-blinded RCT to test 
the hypothesis that a daily intake of Chlorella supple- 
ment improves serum lipid profile, which may be attrib- 
uted to enhancement of serum carotenoids. To this 
end, we assessed serum TC, TG, lipoproteins, apolipo- 
proteins and carotenoids (lutein/zeaxanthin, a-carotene 
and |3-carotene) in subjects with mild hypercholesterol- 
emia after daily intake of Chlorella supplement for 4 weeks. 
Moreover, we evaluated the relations between changes in 
serum lipids and changes in serum carotenoids. 

Methods 

Subjects 

One hundred twenty six subjects (>20 years old) were 
recruited from the CHA Medical Center (Bundang, 
Gyeonggi-do, Korea). To be eligible, subjects were re- 
quired to have a serum TC level between 5.18 and 
6.48 mmol/L (mild hypercholesterolemia) at the screen- 
ing visit. Exclusion criteria were: the consumption of 



medications and/or dietary supplements that affect lipid 
metabolisms; pregnancy or lactation; known hypersensitiv- 
ity to the study product; the presence of familial hyper- 
cholesterolemia, CVD, hypertensions, diabetes mellitus, 
hepatic diseases, kidney diseases, thyroid diseases or other 
systemic diseases. The study protocol was approved by the 
Institutional Review Boards of CHA Medical Center and 
Ewha Womans University (Seoul, Korea). 

Test samples 

Tablets composed of Chlorella {Chlorella vulgaris) pow- 
der or lactose powder (color-matched placebo) provided 
by Daesang Corp. (Seoul, Korea) were used in this trial. 
The Chlorella tablet (650 mg) contained 416 mg of 
Chlorella powder with the following nutritional compos- 
ition (per 100 g): 5.4 g moisture, 60.6 g protein, 3.7 g 
total carbohydrates, 12.8 g total lipids, 13.0 g dietary 
fiber, 4.5 g ash, 58,900 lU vitamin A, 74 mg vitamin C, 
22.8 mg vitamin E, and 2.4 g chlorophylls [10]. The ca- 
rotenoid content of Chlorella powder was determined in 
our laboratory by using a high-performance liquid chro- 
matography (HPLC) method [24] and the results are as 
follows (per 100 g): 260 mg lutein, 5 mg zeaxanthin, 
24 mg a-carotene, and 17 mg |3-carotene. 

Study design 

After initial screening and the following 2-week lead-in 
phase, 68 eligible subjects (44 female and 19 male) were 
randomized into either Chlorella or placebo in a double- 
blinded fashion. The participants were advised to main- 
tain their usual level of activity and diet, but to avoid 
certain high-cholesterol and high-carotenoid foods during 
the lead-in and the intervention days. They were also ad- 
vised to take 4 tablets of test sample with water immedi- 
ately after each meal, a total of 12 tablets (5 g as Chlorella 
powder) a day, for 4 weeks. To monitor the subjects' diet- 
ary compliances and assess their nutrient intake, three-day 
food diaries (including two weekdays and one weekend 
day) were completed at the beginning and end of the 
study. Energy and nutrient intakes were calculated using a 
computer-aided nutritional analysis program (CAN-pro 
3.0, Korean Nutrition Society, Seoul, Korea). 

Measurements 

Following completion of the lead-in phase and the 
4-week intervention period, overnight fasting venous 
blood was collected from a vein on the flexor side of the 
arm into a serum separator tubes (BD Biosciences, 
San Jose, CA, USA). The concentrations of TC, TG, 
low-density lipoprotein-cholesterol (LDL-C), and high- 
density lipoprotein-cholesterol (HDL-C) were simultan- 
eously measured using an automatic analyzer (Hitachi 
7600, Hitachi High-Technologies Co., Osaka, Japan). 
Very low-density lipoprotein-cholesterol (VLDL-C) and 
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non-HDL-C were calculated as TG/2.2 and the differ- 
ence between TC and HDL-C, respectively [25]. Serum 
apolipoproteins (apo Al, apo B and apo E) were mea- 
sured using a BNII nephelometer (Siemens, Munich, 
Germany). Serum carotenoids were analyzed after de- 
proteinizing with ethanol containing the internal stand- 
ard (a-tocopherol acetate) and then extracting with 
hexane. After evaporation, the residue was dissolved in 
mobile phase and quantified by using HPLC (Shiseido 
SP 3023) [24]. 

Statistics 

We estimated the sample size needed to detect between 
group differences on serum TC at the end of 4-week 
intervention period to be 34 subjects per group. With 
these estimates and a 2-sided a = 0.05, the study had 
greater than 80% power with up to 10% dropout. The 
statistical analyses were performed with the SAS pro- 
gram package, version 9.3 (SAS Institute, Gary, NG, 
USA). The normal distribution of each variable was 
tested before statistical testing and logarithmic trans- 
formation was performed on skewed variables. Baseline 
comparisons between groups were determined using 
Students ^-test for independent samples. Differences in 
means for the efficacy of Chlorella versus placebo were 
analyzed by a one-way analysis of covariance (ANGOVA) 
after adjusting for the baseline values as covariates. Dif- 
ferences in means for absolute change from baseline to 
4-week within groups were evaluated using paired 
^-tests. Pearsons correlation was used to determine the 
strength of the relationships between the serum lipids 
and the serum carotenoids for all participants, irrespect- 
ive of treatment group. For descriptive purposes, mean 
values of untransformed and unadjusted variables are 
presented. A two-tailed value oi P < 0.05 was considered 
statistically significant. 

Results 

Subject characteristics and diet monitoring 

Of the 68 participants who commenced the study, 63 
completed the endpoint assessments {Chlorella ^ n = 33; 
placebo, A2 = 30). Five participants (4 in the placebo 
group and 1 in the Chlorella group) withdrew during 
the intervention due to either protocol deviations {n = 3) 
or consent withdrawals {n = 2) (Figure 1). No serious ad- 
verse events or side effects were observed during the 
intervention period. 

The participants represented a mildly hypercholesterol- 
emic population with a mean level of 5.64 ± 0.07 mmol/L 
TG, 3.26 ± 0.07 mmol/L LDL-G, and 1.43 ± 0.05 mmol/L 
HDL-G. The randomization was successful; the two 
groups did not differ significantly at baseline in terms of 
the measured endpoints (Table 1). Furthermore, the data 
from the dietary records indicated that the participants 



generally consumed diets with similar levels of energy in- 
take, carbohydrates, proteins, fats and cholesterol at base- 
line and during the study. Garotenoid intake increased 
significantly by supplementing 5 g of Chlorella as com- 
pared with placebo {P = 0.0003) (Table 2). 

Serum lipid and carotenoid profiles 

While no significant changes were observed in the pla- 
cebo group, the Chlorella group showed significant 
reductions from baseline in TG (1.6% reduction, 
P = 0.046), TG (10.3% reduction, P = 0.029), VLDL-G 
(11% reduction, P = 0.029), non-HDL-G (2.6% reduction, 
P = 0.024), and HDL-G/TG (4.0% increase. P = 0.035). 
The differences in means between groups were also 
significant for TG (P= 0.036), TG (P = 0.002), VLDL-G 
(P = 0.032), non-HDL-G (P = 0.006), and HDL-G/TG 
{P = 0.023), indicating true supplement effects (Figure 2A). 
The serum LDL-G and HDL-G levels, however, did not 
change significantly in the Ghlorella group during the 
study; thus, there were no significant differences between 
the groups. Apolipoproteins were also measured, showing 
a significant decrease of apo B concentration in the Chlor- 
ella group {P = 0.129) and increased in the control group 
(P = 0.113), resulting in a significant difference between 
the two groups {P = 0.044). However, there were no signifi- 
cant differences in apo Al and apo E between the two 
groups (Figure 2B). 

The changes in serum carotenoids were shown in 
Figure 3. As predicted based on the carotenoid compos- 
ition of Chlorella y the serum lutein/zeaxanthin and 
a-carotene levels were significantly increased followed 
by Chlorella supplementation within groups {P < 0.0001) 
and compared with the control group {P < 0.0001). Un- 
expectedly serum p-carotene concentrations exhibited a 
significant decrease from baseline value in the placebo 
group compared with the Chlorella group {P = 0.043), 
resulting in a significant difference between the two 
groups {P = 0.029). 

Correlation between changes in serum lipids and 
carotenoids 

The analysis of correlation revealed that the serum TG 
concentrations showed a tendency toward a negative 
correlation with the serum lutein/zeaxanthin (r = -0.25, 
P = 0.052) and a-carotene (r=-0.23, P = 0.074) for all 
groups (Figure 4A). However, a contrary effect was 
found in the relationship between the serum TG and the 
serum lutein/zeaxanthin (r=0.31, P = 0.013). No correl- 
ation was found between the serum TG and the serum 
a-carotene (Figure 4B). 

Discussion 

To the best of our knowledge, the present study is the 
first evidence offered to support the hypothesis that the 
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Enrollment 



Assessed for eligibility (n=126) 



Excluded (n=58) 
•Not meeting inclusion criteria (n=58) 



Randomized (n=68) 



Allocation 



Allocated to placebo (n=34) 



Allocated to Chlorella {n=34 ) 



Discontinued {n=4) 
•Withdrew consent (n=2) 
•Protocol deviation (n=2) 




Discontinued {n=^) 
•Protocol deviation {n=^) 




f Analysis 1 




Analyzed (n=30) 




Analyzed (n=33) 



Figure 1 CONSORT flow diagram. 



regular consumptions of Chlorella supplement (5 g/day) over 
4 weeks significantly reduced serum TG, TC, non-HDL-C, 
VLDL-C, HDL-C/TG, and apo B in subjects with mild 
hypercholesterolemia using RCT study design. This study 
also demonstrated that daily consumption of Chlorella sup- 
plement resulted in significant increases inserum lutein/zea- 
xanthin and a-carotene concentrations. In addition, the 
changes of serum TG and TC appeared to be associated with 
the changes in serum lutein/zeaxanthin and a-carotene. 


Some studies in open-label ("before and after") design 
with relatively small numbers of subjects have shown 
the effect of Chlorella, focusing on the serum cholesterol 
levels rather than overall lipid and carotenoid profiles. 
Okuda et al [11] showed that the daily intal<es of 5 g of 
Chlorella for three months significantly lowered the TC of 
subjects with hypercholesterolemia {n = 16) to almost the 
normal level. In another study, Youko et al [12] demon- 
strated reductions in TC and LDL-C concentrations after 


Table 1 Baseline characteristics of subjects who completed the intervention trial 




Variables 


Control (n = 30) 


Chlorella (n = 33) 


P-value 


Age 


50.9 ± 1 .6 


48.2 ± 1 .4 


0.281 


Female/male (n) 


22/8 


22/11 


0.565 


BMI (kg/m^) 


24.5 ± 0.5 


23.9 ± 0.6 


0.488 


Fasting glucose (mmol/L)* 


5.5 ±0.1 


5.6 ±0.1 


0.499 


Systolic BP (mmHg) 


120.1 ±2.1 


120.0 ±2.0 


0.981 


Diastolic BP (mmHg) 


75.8 ± 1.3 


76.4 ± 1 .7 


0.787 


Lipid profiles 








TC (mmol/L) 


5.68 ±0.10 


5.60 ±0.10 


0.587 


TG (mmol/D* 


1.49 ±0.14 


1 .90 ± 0.23 


0.137 


LDL-C (mmol/L) 


3.34 ±0.10 


3.1 8 ±0.09 


0.262 


HDL-C (mmol/L) 


1 .40 ± 0.06 


1 .43 ± 0.06 


0.914 


VLDL-C (mmol/D* 


0.68 ± 0.06 


0.86 ±0.11 


0.163 


non-HDL-C (mmol/L) 


4.26 ±0.11 


4.1 7 ±0.11 


0.568 


Apo Al (g/L) 


1 .47 ± 0.05 


1 .52 ± 0.05 


0.493 


Apo B (g/L) 


1 .07 ± 0.03 


1 .08 ± 0.02 


0.886 


Apo E (g/D* 


0.05 ± 0.00 


0.06 ± 0.00 


0.747 



All values are means ± SEM. Student's f-test or chi-square test was used to analyze the data. BMI body mass index; BP blood pressure; TC total cholesterol; 
TG triglycerides; LDL-C low-density lipoprotein cholesterol; HDL-C high-density lipoprotein cholesterol; VLDL-C very low-density lipoprotein cholesterol; 
Apo apo-lipoprotein. 
^Tested after log transformation. 
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Table 2 Mean daily intake of energy and selected nutrients at baseline and after intervention 



Nutrients 


Placebo (n = 30) 




Chlorella (n = 33) 




P-value^ 




WeekO 


Week 4 


WeekO 


Week 4 


WeekO 


Week 4 


Energy (kcal) 


1527±71 


1560 ±66 


1695 ±85 


1664 ±66 


0.135 


0.270 


Carbohydrate (g) 


234.8 ±10.0 


240.2 ± 8.0 


250.7 ± 11.5 


247.1 ±9.7 


0.304 


0.591 


Dietary fibers (g) 


19.9±1.0 


22.6 ±i.r 


19.7±1.1 


21.6 ± 1.2* 


0.900 


0.539 


Protein (g) 


61.5 ±3.1 


62.5 ± 3.2 


69.1 ±4.2 


67.5 ±3.1 


0.183 


0.280 


Total fat (g) 


38.8 ± 2.5 


38.9 ±2.7 


45.9 ±3.4 


45.4 ±2.8 


0.114 


0.108 


SFA (g) 


5.7 ± 0.5 


6.0 ± 0.8 


7.2 ± 0.9 


6.4 ± 0.6 


0.346 


0.480 


MUFA (g) 


7.1 ±0.6 


7.3 ± 0.9 


8.4 ± 1 .0 


8.2 ± 0.7 


0.457 


0.273 


PUPA (g) 


6.1 ±0.6 


6.4 ± 0.6 


7.0 ± 0.6 


6.2 ± 0.4 


0.260 


0.854 


Cliolesterol (mg) 


271.9 ±26.6 


289.3 ± 27.8 


303.2 ± 27.7 


269.2 ±21.3 


0.339 


0.564 


|3-carotene (mg)* 


2.8 ± 0.2 


3.1 ±0.3 


3.0 ± 0.4 


4.7 ± 0.4* 


0.711 


0.0003 



All values are means ± SEM. Intakes were estimated from three-day food records by using CAN-pro (Korean Nutrition Society, Seoul, Korea). Intakes of test 
products were included in the analysis. SFA saturated fatty acids; MUFA monounsaturated fatty acids; PUFA polyunsaturated fatty acids. 
*Tested after log transformation. 

^Significantly different within a group, P<0.05 (paired f-test). 

^Comparison between the placebo and the Chlorella group at week 0 and week 4, respectively (Student's f-test). 



9 g of Chlorella supplementation for 12 months in pa- 
tients with hyperlipidemia {n = 9), Sansawa et al [13] 
found that the daily ingestion of 3 g of Chlorella for three 
months lowered serum TC and LDL-C in patients with 
mild hypercholesterolemia {n = 20). These small studies 
suggested a potential of Chlorella supplementation for re- 
ductions of TC at doses of 3-9 g, providing a rationale for 
further evaluations of Chlorella in a randomized, placebo- 
controlled trials. 

In the lipoprotein lipolytic cascade, apo B is required 
for the secretion of VLDL from the liver and converted 
to intermediate-density lipoprotein (IDL) by lipoprotein 
lipase in the endothelial surface of capillaries. The IDL 
particles can be rapidly taken up and then catabolized 
mainly in the liver via apo E, a high-affinity ligand for 
the receptor. However, some IDL particles escape hep- 
atic uptake and remain in the circulation due to lack of 



apo E and are further converted to LDL [26]. The bind- 
ing affinity of apo B was relatively low, and thus, LDL 
particles circulated for a relatively prolonged period 
before binding to LDL receptors throughout the body 
[27,28]. There is a systematically only one apo B per 
LDL particle and thus plasma level of apo B is strongly 
associated with LDL particle number, which is an 
important predictor of cardiovascular risks [29]. Con- 
versely, the HDL accepts cholesterol from peripheral 
cells and transports it to the liver for bile production. 
Apo Al is the major protein constituent of HDL parti- 
cles, mediating reverse cholesterol transport [30]. It is 
important to note that the most pronounced effect of 
Chlorella in the current study were decreases in VLDL 
and apo B concentrations. This result implicates that 
there are slowed secretion of apo B and VLDL into the 
circulation or faster catabolism of VLDL in the liver. 



(A) 



(B) 



I 

0 o.o( 




Figure 2 Mean changes of serum lipids profile in subjects with mild hypercholesterolemia. Panel A shows the changes of lipids and 
lipoproteins for Chlorello (green rectangle, n = 33) and placebo (gray rectangle, n = 30). Panel B shows the changes of apolipoproteins. The data 
represent means ± SEM. '^P< 0.05 compared between groups using ANCOVA after adjusting for the baseline value. 0.05 compared to 
baseline using paired t-test. 
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Figure 3 Mean changes of serum carotenoids profile in subjects 
with mild hypercholesterolemia. Chlorella (green rectangle, n = 33) 
and placebo (gray rectangle, n = 30). The data represent means ± 
SEM. ""Pk 0.05 compared between groups using ANCOVA after 
adjusting for the baseline value. 0.05 compared to baseline 
using paired t-test. 



This is speculative but the first part is consistent with 
the previous findings that Chlorella plays an important 
role in inhibiting the intestinal absorptions of dietary 
lipids in animals [8-10]. In addition, lowering apo B 
compromises lowering LDL particle number and pro- 
motes CVD risk. It is also worth noting that, in the 
present study, four weeks of Chlorella supplementation 
produced no noticeable effects on HDL-C, apo E, and 
apo Al compared with the control group, implicating 
that reverse cholesterol transport was unaffected by 
Chlorella consumption. The design of the current study 
did not allow the direct determination of cholesterol ab- 
sorption. Considering all the results together, however, 
we can assume that the inhibition of intestinal lipid 



absorption may have caused the serum lipid profile 
changes observed in the Chlorella group. 

Chlorella provides a wide range of nutrients and phy- 
tochemicals that work synergistically to optimize lipid 
metabolism. It contains a relatively high percentage of 
omega-3 fatty acids [14], which are known not to inhibit 
chylomicron assembly in the intestine, but to inhibit 
VLDL assembly in the liver [15]. Chlorella is a good 
source of dietary fiber that affects lymphatic cholesterol 
and triglyceride absorption by increasing gut viscosity, 
altering the composition of the bile acid pool, or 
producing fermentation products in the intestine [31]. 
Chlorella is also a good source of carotenoids and it 
significantly increased serum concentration of lutein/ze- 
axanthin and a-carotene. The steps of carotenoid ab- 
sorption are similar to those for dietary lipids: the 
release from the food matrix, solubilization in mixed mi- 
celles, packaging into chylomicrons, and secretion into 
the lymphatic system [32]. Therefore, one can assume 
that the presence of increased concentrations of caroten- 
oids released from Chlorella compete with dietary lipids 
for incorporation and transport in lipoproteins, therefore 
causing the decreased serum lipid levels. In a previous 
animal study NicoUe et al, [33] investigated the effects of 
carrot supplementation on lipid metabolism in rats, sug- 
gesting that dietary carotenoid consumption modifies 
lipid absorptions. In this study, we found that individuals 
with higher levels of serum lutein/zeaxanthin and 
a-carotene had greater potentials to reduce serum TG 
concentrations, supporting the notion that carotenoids 
may inhibit TG absorption. However, contrary to TG, no 
or weak positive correlation was found between the 
changes in serum carotenoids and the changes in TG. 
One possible explanation for these conflict may be that 




Change in serum carotenoids (fimol/ml) Change in serum carotenoids (ftmol/ml) 

Figure 4 Correlation between the changes of serum carotenoids and lipids. Panel A shows a correlation between lutein/zeaxanthin or 
a-carotene and TG for all subjects (n = 63). Panel B shows the same analysis for TC. The Pearson correlation r- and P-values for each curve are 
shown adjacent to the line in the respective panel. 
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the polar carotenoids are mostly distributed in associ- 
ation with cholesterol-rich lipoproteins in the serum 
[32], which masks the degree of inhibitory effects of 
carotenoids on cholesterol absorption. This notion is 
further supported by the results of Loane et al, [34], 
who reported a positive association between serum lu- 
tein concentration and both serum LDL and HDL level 
among healthy subjects. 

There are several limitations in this study. First, the 
suggested molecular mechanism by which Chlorella are 
thought to exert their effect was not directly determined. 
Despite this limitation, however, our findings raised the 
possibility that the effects of Chlorella on the inhibition 
of intestinal absorption of both dietary and endogenous 
lipids may have caused the serum lipid profile changes. 
Another limitation of this study is that there was no 
more biochemical data to show the localization of carot- 
enoids in lipoproteins. Future studies are warranted to 
prove these initial findings. 

Conclusions 

The present study revealed that Chlorella appears to have 
beneficial health effects on the serum lipid profiles of 
mildly hypercholesterolemic subjects at least in part via 
improvement of serum carotenoid profiles. Our findings 
also suggest that possible effects of Chlorella on serum 
lipids might be caused by a suppression of intestinal lipid 
absorption attributable to increased levels of highly polar 
carotenoids from Chlorella, Although further studies are 
required to determine the direct effects of Chlorella for 
the absorptions of dietary lipids, the results of this study 
provide evidence to previous observations, which suggest 
that Chlorella should be included on the list for recom- 
mending heart-healthy dietary supplements. 
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